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(54) METHOD AND EQUIPMENT FOR GROWING HETERO STRUCTURE THIN FILM 

(57)Abstract: 

PURPOSE: To obtain a extremely steep high quality 
hetero structure thin film having a desired compositional 
ratio by interrupting the introduction of material gas for 
a predetermined time after growing a first semiconductor 
thin film on a substrate and then introducing the material 
gas of second semiconductor thin film onto the 
substrate thereby depositing a film. 
CONSTITUTION: At first, supply of group Ilia material to 
a substrate is interrupted to terminate the growth of 
HlaVa thin films. In this regard, supply of group Va 
material is sustained for a time t1 . Supply of group Va 
material to the substrate is then stopped followed by 
interruption of the supply of any thin film material to the 
substrate for a time t2 During the time interval t1, 
aforementioned state is sustained and the supply of 
IHbVb thin film material, i.e., one of group Vb or group Illb 
material, is resumed and upon elapse of a time t3, supply 
of the other material is started or both materials are 
supplied simultaneously thus starting growth of IHbVb 

thin film. The time interval for interrupting materia 1 gas supply is set equal to the time required 
for depositing a single molecule layer of group V or III element on the substrate. 



Vb 

ma 



































— tin 


/ a — 




12:'' 


■a 




'■■Mm 





LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiners decision of rejection or 
application converted registration] 

[Date of final disposal for application] 



[Patent number] 
[Date of registration] 

[Number of appeal against examiner s decision 
of rejection] 

[Date of requesting appeal against examiner s 
decision of rejection] 

[Date of extinction of right] 



(i9)B*a^fF^ (jp> (12) & ^fj ft & $H (a) (wmammm 

#H¥7 -86162 

(43)&EB ¥fi57*f(1995)3fl31B 



(5ointci. e mm% mmmn fi mum^m 

H0 1L 21/203 M 8122 -4M 

C2 3C 16/44 
H0 1L 21/205 

21/363 8122 -4M 



mma* *m* rnxmamo ol (£ 8 h) 



(21)fflH## 


ttM¥5 -227196 


(7DWKA 


000005108 










<22)tfUNB 


5 *p (1993)9)3138 




















m&mftmm&*m i tb28o#« 














(72)ft!»g 










«^»H^*SGK^ffi 1 Ti280#«l 














(72)&!»£ 


ma mm 








ytamm#mmffii>rm i TS28osa 














(74)^8! A 













(54) GBEOfc*] ^xP«iS«E||©«fi*^«feWO«B 



(57) [gift] 



va _ 

vb _ 

ma — 

inb — 
ma va 



ti 



t2 



•ft® 



t3 



nib vb 



1 

mnm-t>i^ixmxu MTOStj^r 
mmou - v immmmttc am- vmmm 

mmmvj&mmas^T. ±iEg«±t£ i <omw 
mm%tm, mivmmmmi&tzvm 10 

jfisi^m/a-r m 2 ©¥#f*»§t©fit/M#, * fctt 

[ft*® 2] m*®i t^r, s«^©-9j©±i2S 

^A^wirsm^ratt, ±$mmmMLtcvmfi 
mztcttvmmvmmmtf 1 ^stastg 
? * ±e»Kfr 5 ©mb^ts set mm 1 1 5 ^ 

[If*® 3] *fcttU*«2|2K©^ra«Sii 
WKOlWKFffifcfc^T, ±ffi!S«'\©H»©a«I©l* 

B8*SiLfc1& ±IB^rPflM)I£lMTS£2©¥ 

*whwi©*/sj8#t?* 5 1 1 1 8y8#£ fctt 1 1 aaa», 
t.L<ttin«ia»*fettiiaa«^*^trfi»i!fx*± 30 

£Sfi±tffiJt«IA U o^t?±IE« 2 ©#*iftSII 
©«&M$h *fett«j^#^trB**;tfz*, ±IB& 

[if*® 4 ] if*® 1 &^ uf*® 3 ©^-r 1 ®t 

&t^T, ^rP^ii^)i^^t-|.^2©^^l(D 

«««»-e* « 1 1 1 mttto* tdiu mm. t> l < m 1 1 

Itt, ±121 1 1«7C*S fctt I I«tc^^±S2S«±K 1 

[if*® 5 ] it*® i * ^ ui *® 4 ©v^rnfr i ®t 

*><^T, /&g-f3^TP$§jiif§itt, ^fD/W*-7 

[If*® 6] li*®lfc^L!i*®5©^-fnrfM®t 
7,tt, IK III, IV, V, VI«©7C*©3^*^aJR 



ftKW 7-86162 

2 

[it*® 7 ] n*® i &^ui*® 6 ©<,>? nfr i at 
*5^r, »$©$$##, *ttttmstm*tttsamis 

xtt, 7;i/'>y*«kt;*X7-f fc^at-r 

«^rP«isiii©i«sm 

[if*® 8 ] w*® i a ^ lh *® 7 ©i/vf n*> i ®t 

#i*»Mtt, InP, InCaAs, G a A s , InG 
aP, GaSb, InGaAsP, InAs, GaP, 
ZnS, ZnSSe, ZnSe, ZnCdSe©?^ 

suRsns 2 att±ofi^*ic i o mi** tis 

9 ] mmmcum tiitmmmm t 
zmmt, ±mmtmtmmic s m+zn 

ttt, &4©-tr/l/iM3©f + 7 < fe l fflW± 

mtzTummmmmmicts^x. mmt± 
mmmtfr t ©rat, ±ia»-b^*» 6±es«±k 

s»*x©i»t,t<i*^aj*, K^©tt*©«fiHiifiE 

Lfcc £*^fc**^rn«^»i©j8g8ig 0 
[lf*®l 0] H*®9t*5^T, gfifc±£JI8B0«& 
■b;P t m t , ±IB*-fe /l/fr 5. ±ES«± t « At § « 
M©^^\ Sfctt»«©«jS^*#€fS«^© 
1 W t L < tt^gp^r, fS^©tt;e;©B#rai^i UiS^it 
©->+ «y II*® l ^^LH*® 8 ©^rtifr 

1 ®!2t©'Nrn1iji^(D^^?£tS^^T^© 

ii©^MMiio 

[0 0 0 1] 

[H±©fUffl^^] *^B^iift^#^ii(i©^ B s 0 
f&gfim «t if * ©ss t « o , «f t as® ■eiiftft'N 

m * n*n«rr t but*. 

[0 0 0 2] 

C«e*©StB] fi£*©»«|®S4: LT^X*ffl^fe¥» 

(Gas Source Molecular Beam Epitaxy, WTG SMB 
EtmtZ) ilLTtt, W*fcfl«|l8S7-30322^ 
«Sfett1#HI86l-222ll2^«^£E«*nTV^fl: 
^j¥jWMIfl8©^«7?tt3^ife>nSo 09tt, GS 
MBESat©«ja©-«|*^t«WHT**, WT, 7t 

-DxmmtZo wmt&&i<iizwsL2 at* mm® 
»t««FtnftfiRsss9rtt«fi«^ s«^8t 



(3) 

3 

T*&S@f*IIIa 2 2, @{*IIIb2 3tt, HRfc/flV^ 
*lT^«H{ty-*#?*fe;l'4» 5ftycft«LT, ft 

3„ VKO«RRfifcft*^ttOVa2 5» Vb 2 
6tt, *n^n©#y^2 0, 2 UCfcttStU >Vl/7 

1 a, /W72 a%^LT^-0^7y*>^"t;l/3fc: 
*A«ti,-ffiioiBitlt:WftL^tfc», *«2 4Jc 
«*&?nSo ^©Hfty-xtfT-SSH^M, 5*$«fctf 
^7 7+y^-b;l/3t(i, -^'^3a, 4 a s 5 a 

^ ^n^timH^nT^So i:C5T\ Wfctflll- 10 
VfcfcfcWNW^fcfcvvt, 2«W±©v«©Jtfc 
S^gflffiM-pfeSIIl a V a £111 b V bfr5«j«*n 

□ Wrist Sge&©«»* MTOIS'efTfcnT 
t^c„ Sf\ Ilia VaSJIfc/Vl/71 a, ->+-^3 
a, 4aW, IIIaflSi:Va»yg8*, I^RffcSffi 

2 4fc{JttftU m^B#F^ 3MtOMBEia**ff^. C 
Oft, *>+ v # 4 a £B§ CT. Ilia ©#J&£#± U I 20 
IIaVa»J8©Jfig**S7*S. C©B$* IMBEtfif 

<> {WAl^VMST'35§VaMHIi, Sfi 
2 4MD»ilt§„ O^T\ /VK/l afcfflik 

VaHVbfc^S. HOIffl, V»li 

a 1 1 1 b V b MH©Aft«PM6t«. 

[0003] 

^Tumsic&izvwiS&wmiLZs wmzmnz 30 

■BRjB^-lWStJBfif* C £lc& D , C©fc*«J*Sn 
5»l©'\rDWSja^t*5^T, ^mftlciIIjiiiV 

«offli«it^maosfi/«iti:a&5»i, m# in a 

VaVb, III a V b. Ill a III b V a V b*£©lll a 
flu Vafllklllb^ Vb^OBRICStffi&Lfc 

£tffcIII-V$<b£^¥#f*«MT-fca InGa-A 

s £ I n PfrSfc^rnffiiffitflli*, I n P ©#£!£, 40 

|fx«yf+>h^^T»Slf:i, InGaA 

t 0 In, Ga, A s ©ISfrtC P©#ft£*"f *-^x 

A^tr^sctA^i^nSo aim, jje^ri 

&©ft5ft£-e$g£tffc 1 n G a A s t 1 n Pfr&fc* 
I n G a A s A>£©X«IhI$t;W h ;Wi#1!f kl«ii 



7-86162 

4 

enr^So h i 2 fle*ttT*ft«*fei?ttF* 

2 5 A© I n G a A s/ I n P*?#f*, 

&±m%frt>, mmx^t^tc 1 n g a 

A s i: I n P^rDflBtJMttt, *©JHSlc*^TlSft 
tttfiK , illjRt>ii«fc£{bLTVft^c £:£*l/to> 

v«ottsjttfai«icgEft*r, amwfcmaofflisjt 

£&3&iftC<fcoT, tfFfW*, ftr/WT.©^ 
«fc tf tt&WHSfc&fcOKSfc&H-* C tit 9 * 

(WTHBTttusts) tfe^rtt, mm, 

Zo HZVmWT'lt, mz. I n G a A s 1 1 n P 
fr6ft5 / NrP«ig||fll©fi8gKoi'»TO»«itlTl>S 
tfx HttOfflBfci, flJAtfl nGaPhGaAs, Zn 
S £ Z n S e 42©flU©tt8£©'\rnttl£l8©|£g 

©Rfcfc^Tfe^i;*. 

[0004] *«woBW«, ±i3fie*ttffifcfettsra 

■jS*HfilW* 0, Ifttm^rPWiffi*^ 
Tx ffiibTf^-e^p B pM©^TPWffi^Wr5^rPti 

[0 0 0 5] 

T 3fc46tc, *58W©'NrD«ii»ll©j«5^}itt, * 

fi©XS*ffl^Sfe©T»*«. $-f> SR'NOIIIa* 
mmmZftit U 1 1 1 a V a »M©^ft*H7t 

cm, va&fflftom&it t , ^nim a rs. ? 

«©ww»R©«ift* t , «M4>Kt 1 2 mm. 
imummn im, nib v b ^i^^t-^^ v 
b«aifts/-cttiiibSEjsR©-^©jift©^te%, $ 

i3\ &L<itz<Dmmmcm&i, nibv'bSHi 

«±»c, 3fa-rs»«©«i«ja^ s^mmows^ 
or, Ttmmmmn-vmmmmtrdtiu- 



(4) 

5 

tc, % i ommmzmim, m i vmm 
mmf$.tz\/mrt,m£rz& v i^m* i #?io± 

tt»2#3I*l^ Xffig^©-^©*!)!©^/* 
^BB+Rr*xe*'>39:<i:t>l@tt±^* % *©$ 

mmmmt 2 o^mmmo«iaa^t«« 

III«)*#3:fcH:Iia&S$K t>L<ttIII«UiK»*fettII 20 
^ftfcSfcliBtfx*, ±f2g*LtfcffiJ£StlAU 
o^t?±ESB 2 ©#*j*8M©«jfo3aK S fettttltfrt 

1 5® 2 ©¥$tt»II©«^#?i6S 1 1 imam* It 
M5B#x©g«LL'\©#ASH\ ±£iii«7^*fctti 

K IV, V, VIfl*©^©5$fr&jWft*'>4<£ 
K©rtft&8TC*«. flMofltftfth 3-fcii 

«Bfi»«i*«ifiRta2aw±©a&s^f«w«ti % 1 

nP, InGaAs, GaAs, InGaP, GaS 40 
bs InGaAsP, InAs, GaP, ZnS, Zn 
SSe, ZnSe, Z n C d S eOSSfr&aiRSfl* 

'^ffiTffeSo *LT, *8$©^rn#§&jfK©l£Jt 

©s«*ei&u KS«*«3g©iafifc3taj»!W»^ sap 

^gfc, ±fiSK4:itflrr*tttfc, ffiS*s»«© 

**£*©EJBtt»-fert'£«tt* ±S!S«I«&*/H£: 

li, &*©-fe;I/gffl©S/+ y *£'>ft < t $ 1 ffltt±*r 50 



ttH¥7-8 6 1 6 2 

6 

EWRWKHr;!/ ©P^ic, JJ2S>fe>Mp 6±B«Rfc* 
A£ft£8$©J&M*h £fc«»M©$jM#£#t? 
ECfcrffX© 1 fffc L < Ii£g|5£, Ste©ffS©«fHie«E 
E8K L»*«Bfi©'>+ >y *£'>ft < i: t> l flU±GK 

Lfe^ru«maMio/aftjWii:"r*t©T*«. 

f, ±I2©^ra1ijiiil©^S^l«, £££±83® 
8&*&-tr;H:©IHIfc, ±E*>b^*>6±lE»IRfc*A* 
n«»ffil©«lfigfiR^ £fctt»«©*jaS#*S€rKiB 
#X© 1 g&fc L < &£gfl£\ R&©&ft©tfn*tfUI 
**»©*:'■* v**ffl(r\ ±MLfc*58W©'NTa«|Ji 

fc^rn*UIK©rt«Ba'Pfc*. 
[0 0 0 6] 

[ftffl] 1 1 1 a V a WiM©j£ft&7ft, t , ftffi V a 

«©ttie*«a"r* <: gffiSffitii 1 #t-iw± 

©VaSjOT3frT^£fcHfcft3 0 C©&, Va«agft© 
W»*ff± U ^^©Hfl©»ltlS8©m* 1 2 B# 

A-ravflSJgfi*, Va*»6Vblc«lft** 0 Sfcc© 
Kt, S«*ifilcl«|fc:it«|LfeVaflOTSI©S«*iii 

ttt, S«(^iBtfe(J5ji«|(DVafll7C*^IKfllU ; £ 
© 1 ( 1 #71) t ft 5 «p HlTft * o C tit * o 

T> 8^ffittl^S©Va^7tmt*^lcSbn<5 
CilcftSo C©«, Vb«0S^$fcl4IIIba^© 

*©®R©fitt&*frt\ III b V b }il©fi)cJI^«-r 
ti^MH:, Vb0ONRS^U:IIIbKK»©^IMI 

)!^7t^^ fett 1 1 1 b It&v&O&mcWt Sltclf S«f 
Hli:ft*«fc5fclBltS. *fe, «Plct3iem*«tW-f 

tin b, v bm^mmmc^Lr^mtm\ 

W±©IS*«« c t «k oT, S^^&f «ffHfiK 

»©iittft««s* A^eg i: ft 3o $ e. t v mxwm 

fe, / Nrnl!iii|-p©*MiS©fiftli:fiH'r*S1»ftffl 

ia*#r«»fli©**ft^ii±*ti*. $5.t> owe^Bf 
B$p B i 1 1 fcitf-jcwsowi 1 3 *\ m i 

•JftV«7aE*fcIilII«7cilS©i|lttA<HUSiJ$ti, 
TiittT*mil©IHlSlt**"rsa»Sa©'Nrn«!Jfi»li 

[0 0 0 7] 

<*M^J 1 > ***WK*^Ttt, I n Pg&±lC I n 
GaAsi: I nPfc*0*rt*ft*'srDliajW«©ja 



(5) 

7 

7)W>y (AsH 3 ) , *Z7<f> (PHs) £ffll>fc„ 

StJ^fc^aoSttJRft^SK^ttlftt 5 y-y y x© 
-$J£*to H 3 (i, #'jl«jT« LfcG SMB E 

(#xv-x#?3&xtf**y) sii©*/«*^"r«a 

HT*«o &*5, H2fcfeV^Tflf*OGSMBEiill 
(09) fcPI-Oi^ttHClWTjpt. 'NfolSIl 

i n ps«6ti, mmmmmntc 

Ga 1 Hi, Hfty-Xft^-fe/M, 5FtyC7t«2 10 
ft, £*0£ftlc;taML£82'&fc& lnPg«6f;: 

X7^yi 3%^*Lfe#>^2tt, znztvw? 1 

a, /Vl/7*2a^LT, EHD^y+^-t/l'S'N 
*IA£ft, ftlc©Mftfci&D$iL#ft?Lfc&, Asu P 2 
Wmvi n?WRGtmi<tlSo &*©@tty-x 
#?tt-fert/4, 5fccktf^-y*y7*-b^3£ti\ y* 

7*3 a, 4 a, 5atf, ^fttfh&filStlT^So 0 
3K*f G SMB Egl£ffli^T, H2tojVrjR8#*& 
y-^yxicit), I nGaAsil nPO^rP^ii 20 
ifM©l&i£, WT<D¥llT«tT?fc 0 *f\ I n G a A 
sii§i£, ^/l/7l a, y+7*3 a, 4 a, 5 a, & 
«fc tf£*r>+ 7 * 7 *Mtt, 1 1 Ifci: Vlim£|B]Bf ic 

wrmmit $#©MBE$g£firofc&, y 

*7#4a, 5a£F0UT, I n G a A s ftlg©J$ft« 
*7tfe. ^©f£, I n G a A srllO^M^E* (A 
s) ffi-e^4JS?-a-5fuA6, 2m /VK7*1 a, y+7 
* 3 a fej:UlS->t 7 * 7 ttHttfctt*fcft«f U A 
S2 0**I nPS«6K:ja»JJi:«ijeL7fco COft, S 
fiy* 7*7 ©&%FfjC, -$©}f!II!m© I n PMW. 30 

l a*HHC, /W72 aSrliRtSo co^Bfl^lffltt, * 
^Ji^lTii 2 4#|fflfc Lfctf, C©WTOltyC I n G 
a A s$II©^E£?g?ii$J© As ©ISIS^ISU 1 
»WtlnPifi6*«5AsO«a^l (As©l 
frfjg) i:4S<fc5KSHrrSo Sfcfc, £©B#I nP 
SK6©££«, SSJ»»8k:«fcoTi«SU (£S3g§ 

QrtfcSIBtSK* (C) &£©$§M%©I nPS 
©il&AatfclftitT-f gftftft 

©(pJrfc^HSfcU afrP>/S/l/7*2 afc$J&;tS 

£li:T\ /V!/7*l afr6*7v*y?-fe/l/3©Bfcg|fl 
LT^ZTbisyZfammimimKEVilKt, y 
t7^3a»Wf;J6> 3tM<jftft8889rtl<: 

« (p) *#tf#x-e7S£Sfts„ ccob#s 

ffiy -V 7 * 7 ^Wf«">t 7 * 3 a ©#*fflCfc 50 



ftlH 1 7-86162 

8 

^;l/72atU]M%ffo"rt)SI»tt*l/\ C©lifc{K 
*&©**?& Sl&y -v 7 * 7 BBtt 5 c t 1 J; o 
T> I nPSffi6tttP 2 <D»*^$n5<:i:lc^ 
§0 2m I nPSS6©SjB**Ta^i 

^T'P^InPHS6C^U C©&, y+7*4 
a £Htf I n G a A s SKfc'vf n*fiMHftjW* I n 

T*ti2#i:LT^A\ jJWI nPS«6±fc:i#?l 
[0 0 08] <£10IJ 2 > H 4 ^Mffl^foS 

tc 0 £©&, y+7^4a, fe«ty r a«y+7^7?rga 

ttSCfcT*, I nPS«6fC I nfcPt£|B|l$fciK*& 
U I nGaAs»Hi:^rD«|ji^j5K1-5I nP» 

[0 0 09] 3 > m 5 *&fifi0fl'?'\r PW 

pwffitcfeit?. i n ?&RG^<Dwmn<omz$*i 

tSIgJlftt, UttMl fc|BH©Ig.£SfflLko c 
©«x 7 * 3 a C, y -v 7 ^ 4 a 
+ y^7*WtJ, In*l. 6#Fb1 InPS1S6li:#t 
t&Lfe. C© I n©(KtmM 1 • 6#(i, In^InP 

W& 6 ±tc 1 iH'ijgist «©tgt * 1 n mm 

HflB-e**. **3, *^MiJTfi, l#FS#©l nl 

©^w^^-ptv^*\ 1 5^?s©saffi»© i n 

l©Wie«frai:LTfellL$A*^. C©£, y+7^ 
3 a*WW-, P 2 1 I n*. In PSfi6fc^«Ft«l& 
U I nGaAs»14:^f-u«|Jfi*^*r* I nPS 

©^^fifofco W±*«W©*»«lcJ:ntf, ^tp 
IWBt*^T A S2 i: P 2 fcA^£lc#*LT#l&Sft5 
fcfe, 'SraHllfctt, WAtf I n G a A s P, I n A 
s P * kit I n A s ft if©liM*«£n3 C i:ft 

^#Si:^A^f/c 0 06 fc, HM« 1 tStJ^T I n 
PfflS±tCfi)clLfc InGaAstln Psb^ftS^r 
PHtiiiSJiKfc^T, I n P©**fflBRxyf-+y h 
L, I n G a A s ^©TESR^^-^ia? 
53-7tST«LfclS*^-r 0 In, Ga, AsWH© 
7C*©#ft*^t*-^xX^^ h/H4^<a6*l"f, 
lOTfeftoT^fei* (P) *#€fSt*fill«©» 

p ttmffi« 2 %ubb xmm&vmfc t feiss** 

to I n G a k sWmfrZOmtfrZ^t hMt, I n P 



(6) 

9 

mm (2 9) mztifco ast, mmm^m * 

^T)8gLfcl?#Flitf2 5AOI nGa As/ I n 
5*y-try7> 7^?hMi, %<D*tm (2 0) *\ 

p$lS^©fi)cft£i£K43^T, 7/^»\ *X7f y 

tiff G aAsilnGaP, II- Vj£¥g#?fctlff 
ZnStZnS e SOttOttjftQ^f-aft&ilRojgfi 

C t Wig LTl^o 

[00 10] 

tfHBT|Oltif/WX#lAlii)Tggi4 1 0 

3o 1 1 

[BiBl>ffi#&ilt9J] 1 2 

[0 1 ] *^O^rnfl|Ji»fl|o^gfcfe^SM«tt l 3 

teiz-fyziommo 2 2 

[02] *m<om® 1 O^r D«Hfi«MO*gtffl 2 3 

»itmwm*s-*v*Ro 2 4 

[03] mwvmm 1 o^ro«fisw«o*gKffl 2 5 

^cGSMBEStOHA^-rttSH. * 2 6 



r^¥7-8 6 1 6 2 



10 



[04] *«WO^j2 0^rP«Ki»fllO^Sfc:ffl 

[0 5] *»W©^Si5e«3 0^TP«lii»Ji©fiKgk:ffl 

[06] *m<Dm®\ 1 -p^SLfc I n G a A s / I 

[0 7 ] *f§fE©£«50l] 1 T«S Lfc I n G a A s / I 
n P at ntt&$«g<D 2 £ H X $!mi/nll'J&!£3l£/Tx-f 



[0 8 ] *fg^OH» 1 "CrtgUfc I n G a A s / I 

[09] !»a50G SMB E^BOWJER^fftiSH. 
[0 1 0] t**£&-0*ftLfe InGaAs/InP'N 

[011] InGaAs/InP'N 

Tummm<D 2 *sax«@«T9J©(s«**-rH. 

[012] mjS&Xtit&Lrc I n G a A s / I n PS 

)\> i= * y -b 0o 

K 2, 2 0, 2 l-#>^ 
1 a, 2 a-/W7 

3a, 4 a, 5 a—i/*ry& 
4, 5-@fty-X#?ftte/l/ 
6- I nPSfe 




Siffc I n 
mWQ a 

mmua 
mmub 
m 

Va; 
Vbl 




7-86162 



[01] 



[02] 



mi 



va 

vb 
ina 

nib 



ma va 



ti 



t2 



t3 



mi 



in 
6a 



1 n Ga As 



Ulb Vb 



2» 



ft® 



I np 



[03] 



[04] 



S3 



1 a 2a 



3 3a 7 6 8 




5 11 5a 



1, 2 — #W 
la,2a— Kiu?* 
3a,4a, 5a 

6 — InP*** 



7— &ft2*v9 
8— 

10"* Stffcln 
11 — £H*Ga 
12— 7*** 



[05] 



125 



In 
Ga 



InGa As 



























5 — 










2*)> 






- T 




m 





* * 7 -f > 
In 

Ga 



in 6a As 































2# 


24f* 


-—in p 







[07] 



[08] 




fcfc (A) 



(8) 



M1¥7-8 6 1 6 2 



[09] 



[011] 



H9 



mn 



1a 2a 



3 3a 24 8 




3aAa,5a— 2^vy? 

8 —&m&&L 



5 23 5a 



20,21 ™;ftV* 

22- ©fr2[a 

23 - Stem b 

24 - -Afift 
25~Va7fce** 
26-^/b1*/S* 



* 

3 



HI12 



[11 2] 



it 







J 





(A) 



^mm^mmm i ts28o#% 



(72)|gBM M 

^.mm^^m&m i Tg28o#i$ 



